Microbial transformation of gambogenic acid (1), a caged polyprenylated xanthone isolated from the resin of Garcinia hanburyi, was carried out with Chaetomium globosum CICC 2445, after screening forty-six strains of filamentous fungi. A new caged polyprenylated xanthone, 16,17-dihydroxygambogenic acid (2), was specifically obtained, as a result of hydroxylation at C-16, and C-17. Its structure was elucidated on the basis of spectroscopic methods. The cytotoxicity of compounds 1 and 2 against HeLa tumor cell line was evaluated, with both of them being modestly active.
Gambogenic acid is one of the main active compounds isolated from the dried resin of Garcinia hanburyi, a dye or folk medicine displaying various clinical effects, including analgesic, antipyretic, anti-inflammatory and detoxification [1] . Recently, accumulating evidence showed that gambogenic acid had a wide spectrum of antitumor activity [2] . It has also been reported to have an equal anticancer effect and lower toxicity than gambogic acid, which has been a hot spot in recent years due to its potent anti-tumor effect [3] . In our previous studies, we reported the isolation and activities evaluation of 37 polyprenylated xanthones from the resin of G. hanburyi [4] . In order to search for more biologically active caged polyprenylated xanthones, microbial transformation was considered for the structural modification [5] of gambogenic acid. As a result, after screening 46 fungi, Chaetomium globosum CICC 2445 was chosen and shown to be able to transform gambogenic acid with high specificity and repeatability. In this paper, we report the isolation and structural identification of a new caged polyprenylated xanthone 16,17-dihydroxygambogenic acid (2) from biotransformation of gambogenic acid (1) by C. globosum. Meanwhile, a LC-MS n method was used to identify a trace amount of 2 in the extract of the resin of G. hanburyi. To the best of our knowledge, this is the first report on biotransformation of a caged polyprenylated xanthone, a series of compounds with gambogic acids being the best representatives.
In a preliminary study, forty-six strains of filamentous fungi were screened for their ability to transform gambogenic acid (1) . It was shown that 1 could be specifically and effectively metabolized by C. globosum (see online Supporting Information). Preparative biotransformation led to the formation of compound 2, which was obtained as a light yellow gum. Its molecular formula was determined to be C 38 H 48 O 10 from the HREIMS molecular ion at m/z 664.3237 [M] + , calcd 664.3247, 34 mass units greater than that of compound 1, implying the presence of two more oxygens in 2. The 1 H NMR spectrum (Table 1) (Table 1) of 2 showed 38 carbon signals, which were recognized as 8 methyls, 6 methylenes, 7 methines, and 17 quaternary carbon atoms, with two more oxygen-bearing carbons, but two less olefinic carbons than those of 1. The aforementioned features suggested that 2 was a dihydroxylated derivative of 1. The locations of the two hydroxyl groups were deduced to be at Compounds 1 and 2 were evaluated for their cytotoxicity against HeLa tumor cell line using MTT assay [6] . Both of them exhibited moderate cytotoxic activity with IC 50 values 1.22 and 4.25 μmol/L, with adriamycin as the positive control (IC 50 = 0.41 μmol/L).
Many caged polyprenylated xanthones have been identified from the resin of G. hanburyi [4] . In order to validate if compound 2, the metabolite derived from the biotransformation of 1, exists in the extract of the resin of G. hanburyi, a LC-MS n method was used with compound 2 as the reference standard. In the total ion current (TIC) chromatogram of the crude extract of G. hanburyi, no obvious peak was observed at the same retention time of compound NPC Natural Product Communications 2012 Vol. 7 No. 2 197 -198 2. Nevertheless, in the extracted ion chromatogram (EIC), a peak at 4.26 min (m/z 665) had the same retention time and mass fragment behavior as that of compound 2, indicating a trace amount of compound 2 in the extract of G. hanburyi. Experimental General experimental procedures: Optical rotation was measured on a Perkin-Elmer 341 polarimeter, UV spectra on a Shimadzu UV-2450 spectrometer, and IR spectra on a Perkin-Elmer 577 spectrometer. NMR spectra were measured on a Bruker AM-400 spectrometer (400 MHz for 1 H NMR and 100 MHz for 13 C NMR) in CDCl 3 at ambient temperature. EIMS (70 eV) was carried out on a Finnigan-MAT 95 mass spectrometer. Reversed-phase preparative HPLC was performed on an Agilent 1100 HPLC system connected to a UV detector, using a Zorbax SB-C18 column (9.4 mm × 250 mm, 5 µm; Agilent). LC-MS n was performed on a LCQ Advantage ion trap mass spectrometer (Themo Finnigan, San Jose, USA) interfaced with an electrospray ionization (ESI) probe with an Agilent 1100 HPLC system. All chemical solvents used were of analytical grade or higher.
Chemicals: Gambogenic acid (1) was isolated from the resin of G. hanburyi by the author and unambiguously identified by NMR and MS techniques [7] .
Incubation and isolation procedure: C. globosum was incubated in 1000 mL flasks containing 350 mL of potato medium. After 36 h pre-culture at 160 rpm (28°C), 10 mg substrate in 0.5 mL acetone was added to each flask. In total, 40 mg of substrate was used for preparative biotransformation. The incubation was continued for 6 additional days. The whole broth was filtered and the filtrates extracted 3 times with equal volumes of ethyl acetate. The evaporated crude extract (100 mg) was subjected to semipreparative HPLC [87% MeOH: 13% CF 3 COOH (0.03%)] to give 2 fractions (1 and 2). Fraction 1 was purified by semi-preparative HPLC [73% MeOH: 5% ACN: 22% CF 3 COOH (0.03%)] to obtain compound 2 (8 mg). Gambogeinc acid was recycled in 25% yield from the ethyl acetate extract of the mycelium. 
Qualification of compound 2 by LC-MS n :
Separation of the extract of the resin of G. hanburyi was achieved on a Zorbax Eclipse XDB-C8 column (4.6 mm × 150 mm), with a mobile phase of 65% ACN and 35% HCOOH (0.1%). The flow rate was 1 mL/min, and the temperature of the column oven was set at 30C. The positive ESI-MS parameters selected were: spray voltage 4.5 kV, capillary temperature 330C, and capillary voltage 5 V. Nitrogen was used as sheath and auxiliary gas, and helium as the collision gas. The sheath and auxiliary gas flow rates were 50 and 10 (as arbitrary units). For full scan MS analysis, the spectra were recorded in the range of m/z 200-1500. A data-dependant acquisition was set so that the most abundant ions in full scan MS would trigger tandem mass spectrometry (MS n , n = 2-4). The collision energy for MS n was adjusted to 30% in LC/MS analysis, and the isolation width of precursor ions was 3 mass units.
